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Fundamental Study on Relations of Mixing Progress to
NOx Formation and Maximum Heat Release Rate in
Direct-Injection PCCI Combustion

Takuji ISHIYAMA™, Naoto HORIBE, Shunsuke SOMEZAWA and Satoshi OSHIMA

*4 Kyoto University, Graduate School of Energy Science, Yoshida Honmachi, Sakyo-ku Kyoto,
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To obtain the strategy for reducing NOx emissions and pressure rise rate in PCCl-based
diesel combustion, a fundamental study was performed on spray combustion with long ignition
delays using a constant volume vessel. NO mass in the combustion chamber was measured with a
total gas sampling method and heat release rate data were analyzed varing injection pressure,
nozzle orifice size, ambient oxygen mole fraction and fuel ignitability. To cralify the fuel-air
mixing conditions which provide reduced NO formation and maximum heat release rate, the data
are plotted against the fuel mass fraction in a spray at ignition, which is proposed as an index of
mixing progress. Based on the results, explanations are given for the difference of the trend

between NO mass and maximum heat release rate.
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Table 1 Fuel properties

FO F30 F60 i-octane
heptane/ 100/0 | 70/30 | 40/60 -
octane vol%
Density™
(kg/m®) 687 689 690 692
Kinematic
viscosity? 0.54 - - 0.68
(mm?/s)
Boiling point 08.4 _ 3 99.0
(°C) i '
Lower heat
value 44.6 445 44 .4 443
(MJ/kg)
Theoretical
air to fuel 16.11 16.09 16.08 16.06
mass ratio
Cetane
3 56 45 33 17.5
number
*1: at 15°C, *2: at 30°C, *3: Estimated values
Table 2 Injection conditions
p; dn At (ms)*
(MPa) (mm) Q=871J Q=1218J
S 120 0.18 2.43 3.16
A1 80 0.18 2.81 -
A2 160 0.18 1.99 -
B1 60 0.22 2.07 3.06
B2 80 0.20 2.39 -
B3 160 0.17 2.36 3.34

* Average of measured injection durations for FO
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Fig.1 Effect of injection condition and oxygen mole fraction on heat release rate and temperature (FO)
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Fig.3 Effect of injection condition and oxygen mole fraction on NO mass and combustion characteristics
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